Simple, rapid, selective and fairly sensitive method is described for the determination of levocetirizine (LCTZ) in pure form and in its dosage forms. The method is based on the formation of intensely colored charge-transfer (CT) complexes between LCTZ as donor with two π acceptors, chloranilic acid (CAA) and 2,3-dichloro-5,6-dicyanoquinone (DDQ) in acetonitrile-dioxane medium. The colored products were measured at 520 nm (CAA) and 590 nm (DDQ). Optimization of experimentation conditions is described. Beer's law is obeyed over the concentration ranges 3-120 and 2-80 µg mL -1 for CAA and DDQ reagents, respectively, with corresponding molar absorptivity values of 4.0×10 3 and 5.5×10 3 L mol cm -1 . The limits of quantification (LOQ) are 2.99 and 1.69 µg mL -1 for above reagents, respectively. Other method validation parameters, such as accuracy, precision, robustness and ruggedness, and selectivity are also reported. The composition of CT complex was found to be 1:1. The proposed method was successfully applied to the determination of the active ingredient in commercial tablets; and the results were in good agreement with those obtained by the official method.
INTRODUCTION
Several drugs currently used are mixtures of enantiomers (recemates). In many cases, the two racemic enantiomers differ in their pharmacokinetic and pharmacodynamic properties. Of the two enantiomers, one is effective and even may exert side effects on the body [1] . Replacing existing recemates with single isomers has resulted in improved safety and/or efficacy profile of various recemates [2, 3] . Levocetirizine (LCTZ) [4] [5] [6] , as the active enantiomer of cetirizine dihydrochloride, (2-[4- [(R)-(4-Chlorophenyl)phenylmethyl]-1-piperazinyl]ethoxy]-acetic acid dihydrochloride,) is a third generation non-sedative antihistamine [7] . It has the advantages of higher efficacy, less side effects, and longer duration over other antihistamines, and has begun to replace cetirizine in clinical therapy stepwise. It has been chemically proved that half dosage form of LCTZ (2.5 mg) has comparable antihistaminic activity to normal amount (5.0 mg) of cetirizine in the treatment of allergic rhinitis and chronic idiopathic urticaria [8] .
LCTZ is official in Indian Pharmacopoeia [9] and European Pharmacopoeia [10] which describes acid-base titration with 0.1 M NaOH in acetone: water medium. Literature survey revealed that LCTZ has been determined in plasma by liquid chromatography-tandem mass spectrometry [11] and in human serum by reverse-phase high performance liquid chromatography (RP-HPLC) along with other H 1 -receptor antagonists [12] . A study on the interaction of LCTZ with human serum albumin by molecular spectroscopy has recently been reported by Xiangping et al. [13] .
Determination of small amounts of LCTZ in pharmaceutical preparations is important for medical and pharmaceutical needs, and hence it is crucial to develop simple, selective and cost-effective methods for its determination as a part of compliance of specifications study: specimen quantity, sample homogenity, bio-decomposability and content uniformity in tablets.
LCTZ in combination with a number of other drugs in tablet dosage form has been assayed by UV-spectrophotometry [14, 15] , ratio derivative spectrophotometry [16] , TLC-densitometry [17] and RP-HPLC [18] [19] [20] [21] . However, there are only three reports dealing with the determination of LCTZ when present alone in its dosage forms. An UV-spectrophotometric method [22] to determine effective content (LCTZ) in its tablets has been reported by Jing et al.
The drug and related substance in solid oral formulation were assayed by HPLC [23] . The same technique has been applied for the stability-indicating method for the drug in bulk form and in dosage forms [24] and for the determination of LCTZ configuration stability in tablets using the chiral mode [25] .
However, many of the reported methods for LCTZ in single-dosage form, particularly, the chromatographic methods [23] [24] [25] are complex; require expensive instrumental set up and skilled operator which are not always found in laboratories of developing and under developed countries. In sharp contrast, visible spectrophotometry, because of its inherent simplicity, fair selectivity and sensitivity, reasonable accuracy and precision and affordable instrumental set up, is still being used in both pharmaceutical quality control and clinical laboratories. Despite these advantages, the technique has not been used for the assay of LCTZ either bulk drug or in its dosage form.
In this work, a spectrophotometric method has been proposed for the determination of LCTZ in pharmaceuticals. The method involves a charge-transfer complex (CTC) formation reaction of the drug with two π-acceptors chloranilic acid (CAA) and 2,3-dichloro-5,6dicyanoquinone(DDQ) in acetonitrile-dioxane medium to form intensely colored radical anions measurable at 520 nm (CAA) and 590 nm (DDQ). The proposed method is determined to be simple and rapid employing low cost reagents and instrument.
EXPERIMENTAL
All absorption measurements were made using a Systronics model 106 digital spectrophotometer (Systronics Ltd, Ahmedabad, India) with 1 cm path length matched quartz cells.
Pharmaceutical grade LCTZ (certified to be 99.85 % pure) was procured from Jubiliant Life Sciences Limited. Mysore, India and used as received. Allercet 5 mg (Micro labs Ltd. Bangalore.) and xyzal 5 mg (UCB India Pvt. Ltd. Mumbai.) tablets and lezyncet syrup (Mepro pharmaceuticals Pvt. Ltd. Surendranagar.) were purchased from local market. Acetonitrile and 1,4-dioxane (spectroscopic grade) were purchased from Merck, Mumbai, India. Distilled water was used wherever required. CAA of 0.1% w/v and DDQ of 0.2% w/v (both from S.D. Fine Chem Ltd, Mumbai) solutions were prepared freshly in 1,4-dioxane. Accurately weighed 4 g of the pure NaOH (Merck, India) was dissolved in water; the solution was made up to 100 mL with water.
Standard drug solution in free base form (LVCT)
Into a 125 mL separating funnel, an accurately weighed 24.0 mg of pure LCTZ was transferred and dissolved in about 30 mL of water and the solution rendered alkaline by adding 5 mL of 1 M NaOH and the content was shaken for 5 min. The free base (LVCT) formed was extracted with three 20.0 mL portions of chloroform, the extract was passed over anhydrous sodium sulphate and collected in a 100 mL volumetric flask. The volume was made up to mark with acetonitrile and the resulting solution (200 µg mL -1 LVCT) was further diluted with acetonitrile to get a working concentration of 150 µg mL -1 LVCT for CAA reagent and 100 µg mL -1 LVCT for DDQ reagent.
Construction of calibration curves
CAA procedure. Varying aliquots of standard basic LCTZ solution equivalent to 3.0-120 µg mL -1 (0.1-4.0 mL of 150 µg mL -1 ) were accurately transferred into a series of 5 mL calibrated flasks and the total volume in each flask was brought to 4 mL by adding acetonitrile. After the addition of 1 mL of 0.1 % CAA solution, the content was mixed well and the absorbance was measured at 520 nm against a reagent blank similarly prepared without adding LCTZ.
DDQ procedure. Into a series of 5 mL calibration flasks, different aliquots (0.1-4.0 mL) of standard 100 µg mL -1 LCTZ solution equivalent to 2-80 µg mL -1 basic LCTZ were accurately transferred, and to each flask 1 mL of 0.2% DDQ solution was added and mixed. After 5 minutes, the absorbance of the red coloured C-T complex was measured at 590 nm against the reference blank similarly prepared.
Calibration curves were prepared by plotting the absorbance versus LVCT concentrations, and the concentration of the unknown was read from the calibration curve or computed from the respective regression equation derived using the absorbance-concentration data.
Procedure for commercial dosage forms
Twenty tablets were weighed and pulverized. The amount of tablet powder equivalent to 24.0 mg of LCTZ was transferred into a 100 mL volumetric flask containing 30 mL of water. The content was shaken well for 20 min. The resulting solution was filtered through Whatmann No. 42 filter paper and the filtrate was collected in to a 125 mL separating funnel. The salt was converted to free base as described earlier, LVCT solutions of concentrations 150 and 100 µg mL -1 for CAA procedure and DDQ procedure, respectively, were prepared as described under the general procedure for pure drug and a suitable aliquot was used for assay by applying procedures described earlier.
The content of five syrup bottles (5 mL lezyncet syrup equivalent to 2.5 mg levocetirizine dihydrochloride) were pooled and mixed together. Sixty mL of lezyncet syrup equivalent to 30.0 mg of levocetirizine dihydrochloride was accurately measured and transferred into a 125 mL separating funnel. Levocetirizine base was prepared by following the procedure described earlier. The resulting solution (300 µg mL -1 LVCT) was diluted to150 and 100 µg mL -1 and used for assay in CAA method and DDQ method, respectively.
Procedure for the analysis of placebo blank and synthetic mixture
A placebo blank containing starch (40 mg), acacia (35 mg), sodium citrate (35 mg), hydroxyl cellulose (35 mg), magnesium stearate (35 mg), talc (40 mg) and sodium alginate (35 mg) was prepared by mixing all the components into a homogeneous mixture. A 10 mg of the placebo blank was accurately weighed and its solution was prepared as described under 'tablets', and then subjected to analysis by following the general procedures.
An accurately weighed 24.0 mg of LCTZ was added to 200 mg of placebo blank and homogenized. An amount of synthetic mixture equivalent containing 12.0 mg LCTZ was accurately weighed and transferred into a 50 mL volumetric flask and the extract equivalent to 150 µg mL -1 LVCT was prepared as described under the general procedure for tablets and used in CAA method. Required volume of the above extract was diluted to 100 µg mL -1 with acetonitrile and used for DDQ procedure by following the general recommended procedure.
RESULTS AND DISCUSSION

Spectral characteristics and reaction mechanism
The chemistry involved in the proposed method is the reaction of the basic nitrogen of levocetirizine base (LVCT) as n-donor with the π-acceptors (A), namely, CAA and DDQ to form charge transfer complexes. The formed charge transfer complexes are characterized by electronic transition(s) to an excited state in which there is a partial transfer of electronic charge from the donor to the acceptor moiety. As a result, the excitation energy of this resonance occurs very frequently in the visible region of the electro-magnetic spectrum [26] . This produces the usually intense colours characteristic for these complexes.
Radical anion
Therefore, LVCT, a nitrogenous base acting as n-donor was made to react with CAA and DDQ (π-acceptors) to produce a coloured charge transfer complexes in dioxane-acetonitrile solvent system. The reaction of CAA as a π-acceptor with levocetirizine base as n-electron donor results in the formation of an intense orange-red product which exhibits absorption maxima at 520 nm (Figure 2a ) due to the formation of the corresponding CAA radical anion. DDQ also acts as a π-acceptor and the LVCT-DDQ charge transfer complex resulted in the formation of an intense reddish violet color which exhibit three maxima at 590, 545 and 460 nm ( Figure 2b ) [27] . These bands can be attributed to the formation of DDQ radical anions arising from the complete transfer of n-electrons from donor to acceptor moieties in acetonitrile [28] . The absorption band at 590 nm was selected as analytical wavelength keeping in view the sensitivity of the reaction product and blank absorbance. The dissociation of the complex is promoted by the high ionizing power of the acetonitrile [29] . The hydrochloride salts of amines do not react with π-acceptors due to non-availability of non-bonding electrons (n-electrons) on the nitrogen atom.
To determine amine-HCI, it is necessary to first neutralize the hydrochloride and then extract the amine into a non-aqueous solvent [30] . The neutralization of the amine hydrochloride with sodium hydroxide and extraction of HCl-free-amine into chloroform followed by evaporating the chloroform was described by Mostafa et al. [31] . Since levocetirizine dihydrochloride as such did not react with the π-acceptors, the salt was converted to base followed by extraction, evaporation and dissolving the residue in acetonitrile. The possible reaction scheme is given in Scheme 1. 
Optimization of experimental variables
Effect of reagent concentration. The effect of the reagent concentration on the intensity of the color developed at the selected wavelengths was ascertained by adding different amounts of the reagents CAA and DDQ to fixed concentrations of 60.0 and 40.0 µg mL -1 LCTZ in using CAA and DDQ reagents, respectively. It was found that 1.0 mL each of 0.1% CAA and 0.2% DDQ solutions was sufficient for the formation of maximum and reproducible color intensity and the highest absorbance remained unaffected by further addition of these reagents, this can be seen from Figure 2 .
Effect of solvent. In order to select the suitable solvent for charge transfer complex formation, the reaction of LVCT with CAA and DDQ was carried out in different solvents. The acetonitriledioxane medium was found to be opt in the case of CAA because CAA in 1,4-dioxane exists in unionized form and acts as a π-acceptor like quinones [32] and the acetonitrile showed super priority over many solvents used such as chloroform, 2-propanol, dichloroethane, methanol and ethanol. Acetonitrile was found to be an ideal solvent in the case of DDQ, because it afforded the maximum sensitivity when compared with other solvents. Effect of reaction time. The optimum reaction time was determined by following the color development upon the addition of reagent solution to the LVCT solution at room temperature. Complete color development was attained after 5 min in both procedures. The absorbance of these radical anions remained stable for at least 60 and 45 min for CAA method and DDQ method, respectively.
Composition of the C-T complexes. The composition of the C-T complexes with either CAA or DDQ was evaluated by following the Job's continuous variations method [33] . The experiments were performed by preparing and mixing equimolar solutions of drug and reagent (CAA reagent: 5.4×10 -4 M LCTZ and CAA; DDQ reagent: 2.16×10 -4 M) by maintaining the total volume at 5.0 mL. The plots of mole ratios versus the absorbance values were measured, and the results revealed that the formation of C-T complex between drug and reagent followed a 1:1 reaction stoichiometry. This finding was anticipated by the presence of one basic electron donating center (nitrogen atom) in the LCTZ structure. Based on this fact, the reaction pathway for the formation of C-T complex is proposed and shown in Scheme 1.
Method Validation
Linearity, sensitivity, limits of detection and quantification. A linear correlation was found between absorbance at λ max and concentration of LVCT in the ranges given in Table 1 . Regression analysis of the Beer's law data using the method of least squares was made to evaluate the slope (b), intercept (a), standard deviations of y-axis, slope and intercept, and correlation coefficient (r) for each system and the values are presented in Table 1 . The optical characteristics such as Beer's law limits, molar absorptivity and Sandell sensitivity values of the method are also given in Table 1 . The limits of detection (LOD) and quantitation (LOQ) calculated according to ICH guidelines [34] using the formulae: LOD = 3.3 S/b and LOQ = 10 S/b, (where S is the standard deviation of blank absorbance values, and b is the slope of the calibration plot) are also presented in Table 1 . The moderate values of ε and Sandell sensitivity and LOD indicate the sensitivity of the proposed methods. 0.1125 0.0031 Limit of determination as the weight in µg mL -1 of solution, which corresponds to an absorbance of A = 0.001 in a cuvette of cross-sectional area 1 cm 2 and l = 1 cm. ** Y = a + bX, where Y is the absorbance, X is concentration in µg mL -1 , a is intercept, b is slope, ± tSa/√n = confidence limit for intercept, ± tSb/√n = confidence limit for slope.
Precision and accuracy. The assays described under "general procedures" were repeated seven times within the day to determine the repeatability (intra-day precision) and five times on different days to determine the intermediate precision (inter-day precision) of the methods. These assays were performed for three levels of analyte. The results of this study are summarized in Table 2 . The percentage relative standard deviation (%RSD) values were ≤ 1.9 % (intra-day) and ≤ 2.3 % (inter-day) indicating high precision of the method. Accuracy was evaluated as percentage relative error (RE) between the measured mean concentrations and taken concentrations for QTP. Bias {bias % = [(Concentration found -known concentration) x 100/known concentration]} was calculated at each concentration and these results are also presented in Table 2 . Percent relative error (%RE) values of ≤ 2.3 % demonstrates the high accuracy of the proposed methods. Table 2 . Evaluation of intra-day and inter-day accuracy and precision. %RE: percent relative error, % RSD: relative standard deviation, n = number of measurements.
Selectivity. The results obtained from placebo blank and synthetic mixture analyses revealed that the inactive ingredients used in the tablet preparation did not interfere in the assay of active ingredient. The absorbance values obtained from the placebo blank solution were almost equal to the absorbance of the blank which revealed no interference from the adjuvants. To study the role of additives added to the synthetic sample, 3 mL of the resulting solution prepared by using Intra-day (n = 7)
Inter-day (n = 5) Reagent LVCT taken, synthetic mixture (150 and 100 µg mL -1 in LVCT from CAA and DDQ reagents) was assayed (n = 5). The percentage recoveries of 97.2-102.8% with %RSD values in the range 0.9-2.3 demonstrated the accuracy as well as the precision of the proposed method and complement the findings of the placebo blank analysis with respect to selectivity.
Robustness and ruggedness. The robustness of the method was evaluated by making small incremental changes in the volume of reagent and contact time, and the effect of the changes was studied on the absorbance of the complex systems. The changes had negligible influence on the results as revealed by small intermediate precision values expressed as %RSD (≤1.8%).
Method ruggedness was demonstrated having the analysis done by four analysts, and also by a single analyst performing analysis on four different instruments in the same laboratory.
Intermediate precision values (%RSD) in both instances were in the range 0.8-4.4% indicating acceptable ruggedness. The results are presented in Table 3 . Application. The proposed methods were applied for the quantification of LCTZ in its dosage forms. The results obtained were compared with the reference method [10] , which involves acid-base titration to the potentiometric end point in acetone: water system. Statistical analysis of the results did not detect any significant difference in the performance of the proposed method to the reference method with respect to accuracy and precision as revealed by the Student's t-value and variance ratio F-value [35] . The results of this study are given in Table 4 . Recovery study. To further assess the accuracy of the proposed methods, recovery experiment was performed by applying the standard-addition technique. The recovery was assessed by determining the agreement between the measured standard concentration and added known concentration to the sample. The test was done by spiking the pre-analysed tablet powder and syrup solution with pure LVCT at three different levels (50, 100 and 150% of the content present in the tablet powder (taken) and the total was found by the proposed method. Each test was repeated three times. From this test the percentage recovery values were found in the range of 98.0-103.1% with standard deviation values from 0.8-3.5%. Closeness of the results to 100% showed the fairly good accuracy of the method. These results are shown in Table 5 . Table 5 . Results of recovery study via standard-addition method. * Mean value of three determinations.
CONCLUSIONS
This is the first report on the application of visible spectrophotometry for the quantification of levocetirizine dihydrochloride in pharmaceuticals. The methods are based on well-characterized charge-transfer complexation reaction, and have the advantages of simplicity, speed, accuracy and precision, and use of inexpensive equipment compared to the reported HPLC methods. The DDQ reagent is more sensitive than the CAA reagent as seen from the higher molar absorptivity. The statistical parameters and the recovery data reveal good accuracy and precision of the method. The method can be used as general method for the determination of LCTZ in bulk powder, tablets and syrup solution. The methods have many advantages over the separation techniques such as HPLC and include reduced cost, and speed with high accuracy. Thus, the methods are useful for the quality control and routine analysis of LCTZ in pharmaceuticals since there is no interference from the common excipients that might be found in commercial formulations. 
